Abstract: 2,5-Bis(diarylethenyl)thiophenes (1) and their bithiophene (2) and terthiophene (3) homologues were designed as a new series of violene/cyanine-hybrid-type electrochromic materials. Alkoxyphenyl and dialkylaminophenyl groups are used, respectively, as the aryl group in the cyanine parts of 1/2/3O and 1/2/3N, which emit fluorescence in the neutral state but not in the oxidized state. Voltammetric analyses of 18 newly prepared electron donors show that they all undergo reversible two one-electron oxidations. Redox potentials, UV/Vis spectral features, and fluorescence quantum yields are important parameters for characterizing the present electrochromic behavior with a fluorescence response, and can be finely tuned by changing aryl groups in the cyanine part, the number of thiophene rings in the violene part, and the alkyl-chain length of the alkoxyphenyl or diaklylaminophenyl groups (R = CH 3 , C 8 H 17 , C 16 H 33 ), which makes this a versatile platform for the design of novel electrochromic materials. (Scheme 1), the characteristics of which can be finely-tuned by changing the Ar 2 C end-groups (cyanine-parts). π-Extension of the violene-part is another method for modifying these properties, but simplely extended vinylogues 5 are not suitable due to their instability in the presence of oxygen and proton. Thus, there is a growing need for methods to insert cyclic π-systems 6 such as a p-phenylene unit as in 1,4-bis[2,2-(4-dimethylaminophenyl)]ethenylbenzene p-6N-a, which was prepared as a stable molecule. 7 While it showed a reversible two-electron oxidation-wave in the voltammogram, the dicationic state was not stable enough for isolation and instead transformed into oligomeric polycations (Scheme 2) despite the stability of its p-quinod structure. 8 Intermolecular C-C bond formation at the methine carbons 9 also occurs upon oxidation of the corresponding m-isomer (m-6N-a), since effective conjugation does not occur between the two cyanine-dye parts.
2O-c (y. 97%), and 3O-c (y. 79%) were also obtained. These six compounds with long alkoxy chains were isolated as stable yellow-orange crystalline materials.
D r a f t
6 violene π-system is caused by steric repulsion between the two inner aryl groups, yet the above-mentioned structural motif suitable for σ* (C-S) and π (C ipso ) interaction still exists, which suggests that the S --C ipso contacts are attractive in nature. The electron donating group on the benzene nucleus is not necessary for this interaction since 2,5-bis(2,2-diphenylethenyl)thiophene without any alkoxy group also adopts a geometry similar to 1O-a.
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Redox and Spectroscopic Properties of 1/2/3O
Before we examined the electrochromic response, we considered the redox behavior and spectroscopic properties. According to voltammetric analyses of the methoxy derivatives (1/2/3O-a), they undergo reversible two one-electron oxidations (Figs (Table 3 and Fig. 5a ). The same effects were observed in the cases of 1/2/3O-b,c. If we consider the large MO coefficients on the thiophene rings in
LUMOs of 1/2/3O-a estimated by the DFT calculations (Fig. 4a) , the observed red shift can be accounted for by a lowering of the LUMO level with an increase in the number of thiophene units in the violene part, which reflects the electron-accepting properties of longer oligothiophenes.
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These electron donors 1/2/3O-a are also fluorescent. Consistent with the absorption spectra, among these compounds, the fluorescence maximum of terthiophene 3O-a occurs at the longest wavelength [λ em : 527 nm (Φ f : 0.14) in CH 2 Cl 2 ] ( Table 3 ). The emission maxima for 1O-a [518 (0.01)] and 2O-a [518 (0.09)] are the same, and the larger Stokes shift and lower quantum efficiency for 1O-a can be accounted for by supposing larger conformational flexibility due to the lower planarity of the violene π-system as well as steric repulsion between the two inner aryl groups. The alkyl chain length has only small effects on the absorption and emission wavelengths . (Table 2 ). This finding is in line with the HOMO levels of 1/2/3N-a estimated theoretically (Fig. 4b) . The DFT calculations also indicate that the LUMO levels of 1/2/3N-a lower more prominently in the order 1N, 2N, and 3N (lowest).
The UV/Vis spectra of dimethylamino derivatives 1/2/3N-a exhibit strong absorptions in the longer-wavelength region compared to those for methoxy derivatives 1/2/3O-a due to the higher HOMO level. Again, a considerable red shift of the first band is observed with an increase in the number of thiophene units in the violene part [λ max : 440 nm (log ε 4.65) for 1N-a, 462 (4.68) for 2N-a, and 476 (4.80) for 3N-a, respectively] (Table 3 and 
Conclusion
The are -1.24 and 6.9. The value for 10-methyl-9-phenylacridinium is much larger (11.0) (ref. 
